Three new and one previously described species of Physalacria (Physalacriaceae, Agaricales) are reported from China. Specimens of two additional species described from Malaysia and North America were studied for comparison. Placements of these species were corroborated based on morphological observations and molecular evidence from partial sequences of the nuc rDNA internal transcribed spacer regions (ITS) and the 28S D1-D3 region, and genes for translation elongation factor 1-α (tef1α) and the second largest subunit of RNA polymerase II (rpb2). These new species of Physalacria distributed in subtropical China were found on rotten wood of broadleaf trees or bamboo and possess stipitate-capitate basidiomata with four-spored basidia, clamp connections and smooth, inamyloid basidiospores. To facilitate studies of the genus in Asia, a key is provided for all Physalacria species reported from this region.
Physalacria from different regions were collected, and we carefully examined the macro-and micromorphological characters of these specimens. In addition, sequences were determined from these samples for four nuclear DNA regions: nuc rDNA internal transcribed spacer regions (ITS), 28S D1-D3 region, genes for translation elongation factor 1-α (tef1α) and the second largest subunit of RNA polymerase II (rpb2). Phylogenetic analyses with sequences obtained in this study and additional sequences from GenBank were analyzed. By combining morphological observations and molecular data, four species of Physalacria in China were identified, three of which are new to science and are described herein. DNA extraction, PCR and sequencing.-Protocols for DNA extraction, PCR and sequencing followed those in Qin et al. (2014) and references therein. Universal primer pairs ITS1/ITS4 (White et al. 1990 ) and LROR/LR5 (Vilgalys and Hester 1990) were used for the amplification of the ITS and the D1-D3 region of 28S, respectively. For the amplification of the partial tef1α and the rpb2, the primer pairs 983F/1567R (Rehner 2001) and bRPB2-6F/ bRPB2-7R (Matheny 2005) were used in PCR amplifications.
MATERIAL AND METHODS

Morphology.-Specimens of
Sequence alignments and phylogenetic analyses.-Sequences for each gene marker (TABLE I) were carefully checked to exclude possible contamination and were combined with sequences available in GenBank (SUPPLEMENTARY TABLE I) to generate four matrices: ITS, 28S, tef1α and rpb2. Each matrix was aligned with Opal 0.3.7 (Wheeler and Kececioglu 2007) separately and manually checked on Bioedit 7.0.9 (Hall 1999) or 4SALE 1.5 (Seibel et al. 2006) . The aligned sequence lengths of the ITS, 28S, tef1α and rpb2 matrices are 990, 866, 546 and 706 bp, respectively. These sequence alignments were deposited at TreeBASE (study ID 17822).
An incongruence length difference (ILD) test was carried out with Paup 4.0b 10 (Swofford 2002) . The test detected no conflicts among ITS, 28S, tef1α and rpb2 (P = 0.16), suggesting that sequences of these gene makers can be combined for phylogenetic analyses. Because a greater number of GenBank accessions of ITS and 28S were available compared to tef1α and rpb2 two separate analyses were performed including a larger subset of sequences based on ITS and 28S sequences. After that a concatenated dataset of ITS, 28S, tef1α and rpb2 was used for the combined phylogenetic analysis. Mycotribulus mirabilis Nag Raj & W.B. Kendr., Chaetocalathus liliputianus (Mont.) Singer and Flammulina velutipes (Curtis) Singer were chosen as outgroups in the phylogenetic analyses based on the ITS, the 28S and the four-loci datasets. For the three analyses based on ITS, 28S and combined datasets, both Bayesian inference (BI) and maximum likelihood (ML) algorithms were employed. The substitution model suite for each dataset was chosen with the Akaike information criterion (AIC) implemented in MrModeltest v2.3 (Nylander 2004 ). The GTR+I+G model was chosen as the best for ITS, 28S, tef1α and rpb2 for BI analyses. For ML analysis GTR+I+G model was used. MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) and RAxML 7.2.6 (Stamatakis 2006) were used in the ML and BI analyses, respectively. While conducting the analyses ITS, 28S, tef1α and rpb2 were treated as separate partitions. All parameters in the ML analysis were used as the default settings, and statistical supports were obtained with rapid nonparametric bootstrapping with 1000 replicates. The BI analysis was performed by running four chains of 5 million generations and using the STOPRUL command by setting a convergence value of 0.01 and ESS values > 200.
Trees were sampled every 100 generations, and statistic supports were obtained after discarding the first 25% trees as burn-in.
RESULTS
Molecular phylogeny.-The phylogenetic tree inferred from ITS-28S-tef1α-rpb2 placed
Cylindrobasidium as the sister group of Physalacria (FIG. 1) , a result that is consistent with research that demonstrates the close relationship between Cylindrobasidium and Physalacria (Binder et al. 2006) . Three clades and seven species could be recognized in Physalacria (FIG.   1) ; collections from southwestern and central China grouped as three separate species (in boldface, see below) (viz. P. corneri and P. sinensis in clade I, and P. lacrymispora in clade III, the basal group). With the phylogenetic tree inferred from the 28S sequences (FIG. 2) , Gloiocephala spathularia (the sequence of which was generated from the collection JMCR.115) and the generic type of Physalacria, P. inflata were placed in Clade I, indicating that this collection must be a member of Physalacria. Compared to the result from the combined dataset, two additional tropical (or subtropical) species (P. orinocensis and P. corticola) revealed close relationships with P. bambusae and P. maipoensis of Clade II. The ITS sequences yielded a similar topology except that P. cryptomeriae and P. lacrymispora were not placed in either clade (FIG. 3) . Comments: Physalacria sinensis, which resembles P. corneri by the basidiomata with whitish distinct dots, differs from the latter by the caespitose basidiomata, the clavate hymenial cystidia with rounded apex and ovoid to broad ellipsoid basidiospores (see below).
Physalacria lateriparies, which originally was described from northeastern temperate China (Jilin Prov.), resembles P. corneri by its hymenial cystidia with long, narrow cylindrical or subcapitate apex, but it differs from the latter by the caespitose basidiomata with a proportionally longer stipe and a head without distinct dots and clavate elements of the sterile portion (He and Xue 1996) . The cystidia of P. corneri are similar to those of P. aggregata
Baker, a species originally described from Central America. However, P. aggregata has minute basidiomata and larger basidiospores (Baker 1941 , Corner 1950 , Berthier 1985 . Physalacria decaryi Pat., reported from Madagascar and Malaysia, share similar cystidia with P. corneri; however, the former has basidiomata with wholly fertile head and ovoid basidiospores that are wider (5-5.25-6 × 3.25-3.5-3.75 μm) (Berthier 1985) .
A collection (JMCR.115) labeled Gloiocephala spathularia is grouped with P. corneri (FIG.   2) . However, G. spathularia, originally described from Argentina, differs from P. corneri by its spathulate basidiomata and narrower basidiospores (4-4.8 × 1.8-2.2 μm) (Singer 1960 (Singer , 1976 ). Habitat and known distribution: On rotten culm of Chimonobambusa in a subtropical forest; occurs in summer at alt. 2100 m in southwestern China. Comments: On the molecular phylogenetic tree inferred from the 28S sequences (FIG. 2) ,
Physalacria lacrymispora
Specimens of
Physalacria cryptomeriae revealed a strong affinity to P. lacrymispora. However, P. cryptomeriae, which was described from New York and fruits on the foliage of Cryptomeria japonica, differs from the latter by the narrowly cylindrical basidiospores ( . Physalacria angustispora, which was described from Maui (Hawaii, USA), usually fruits on rotten leaves or woods of broadleaf trees and differs from P. lacrymispora by the hemispheric to broadly bilobed heads, the narrower basidiospores (Q = 2.8-5.1) and the clamps present only in hymenial and subhymenium (Desjardin and Hemmes 2001) . Physalacria lacrymispora resembles P. bambusae in its small basidiomata occurring on bamboo. However, P. bambusae fruits on Bambusa vulgaris in tropical Asia (Java, Malaya and Singapore). It differs from P. lacrymispora in its smaller oblong, blunt basidiospores (6.5-9 × 3.5-4 μm) and cystidia with yellowish resinous globules (Höhnel 1909 , Corner 1950 . Physalacria sasae S. Imai also fruits on culm of bamboo (Sasa kurilensis), but it has larger basidiomata (head 3 mm diam) and large asperulate basidiospores (10-13 × 3-5 μm). In addition, it possesses no clamp connections (Corner 1950 , Kobayasi 1951 Comments : Physalacria sinensis revealed a close relationship with the North American species, P. inflata (FIG. 2) . However, the latter species has larger basidiospores (5-6 × 2.25-3 μm) and acute, fusiform cystidia in the sterile part of the head (McGuire 1939 , Baker 1941 , Corner 1950 . Physalacria corneri resembles P. sinensis in its basidiomata with distinct ochraceous dots but differs from the latter by the non-caespitose basidiomata, the subfusiform hymenial cystidia with a narrow cylindrical apex and narrower basidiospores. Physalacria lateriparies resembles P. sinensis in its caespitose basidiomata but differs from the latter by its proportionally longer stipe, absence of dots on the surface of basidiomata (under stereoscope), the shape of the cystidia and the clavate elements of the sterile portion (He and Xue 1996, pers obs see below). Physalacria orientalis (Kobayasi) Berthier is similar to P. sinensis in having cystidia with a rounded apex. However, P. orientalis, described from Japan, has narrower basidiospores (3.5-5 × 1.7-2 μm or 3.5-5 × 2-2.5 μm) and no clamps (Kobayasi 1951 , Berthier 1985 . Physalacria tropica, which was described from Malaysia, usually has a few lacunae radiating from the apex of the stipe and dimorphic cystidia (both immersed clavate cystidia and projecting acute fusiform cystidia present) (Corner 1950, pers obs). Physalacria pseudotropica, described from New Zealand, has similar basidiospores with P. sinensis. However, it was found only on the stem of Podocarpus and possesses long capitate cells of the sterile part (Berthier 1985) . Comments: Our observations on the cited collections agree well with the protolog of P.
Physalacria lateriparies
lateriparies (He and Xue1996) . Unfortunately the type of P. lateriparies was unavailable for our examination. Physalacria inflata resembles P. lateriparies in its caespitose basidiomata and the size of the basidiospores but differs from the latter by its cylindrical to tapering-upward stipe and dimorphic cystidia (both immersed clavate cystidia and projecting fusiform cystidia present (McGuire 1939 , Corner 1950 , Berthier 1985 . Physalacria corneri is distinguished from P. lateriparies by its non-caespitose basidiomata with distinct dots and the sterile hymenium composed of obpyriform to ventricose cells with narrowly cylindrical to botuliform apex. Physalacria sinensis differs from P. lateriparies by its caespitose basidiomata with a proportionally shorter stipe, an occasionally perforated head with dots and clavate cystidia with a rounded apex. The basidiospores and cystidia of P. lateriparies look like those of P. aggregata, which is distributed in Central America and possesses smaller basidiomata (up to 3 mm tall) (Baker 1941; Corner 1950 Corner , 1970 Berthier 1985) .
DISCUSSION
Our phylogenetic trees (FIGS. 1-3) recognized 11 species within Physalacria grouped into one of three clades. In clade I four temperate to subtropical species associated with broadleaf trees are recognized including the type for the genus, P. inflata, which was described from New York and collected from Minnesota, while P. corneri, P. sinensis and P. lateriparies were collected from southwestern and northeastern China (Baker 1941 , Corner 1950 , He and Xue 1996 . Morphologically the four species mentioned above share relatively larger basidiomata (up to 8-20 mm tall) and yet smaller basidiospores (less than 6 μm long).
All four species in clade II were described and known from tropical to subtropical regions: P. bambusae from Indonesia, Malaysia and Singapore; P. corticola from Malaysia; P.
maipoensis from China (Hong Kong) and Thailand; P. orinocensis from Venezuela, Indo-China Peninsula and Philippine Islands (Höhnel 1909 , Corner 1950 , Inderbitzin and Desjardin 1999 . These species have small basidiomata but relatively larger basidiospores.
The basidiomata of the former three species is usually less than 2.5 mm; for P. orinocensis the basidiomata are about 3-4 mm tall. The basidiospores of this clade are usually longer than 6 μm, with P. corticola as an exception (basidiospores 5.5-6.5 × 2.5-3 μm). The substrates of this clade are highly diversified (including bamboo and broadleaf trees).
The species in clade III consist of two subtropical to temperate species (P. lacrymispora and P. cryptomeriae) with minute basidiomata (ca. 1-2 mm tall) and narrower large basidiospores (9-10.5 μm in long, Q m = 2.49 for P. lacrymispora; 14.5-18 μm long, Q m = 3.37 for P. cryptomeriae) (Berthier and Rogerson 1981, Berthier 1985) .
The head of the basidioma of all four species reported here is not entirely fertile. The fertile parts are localized and are probably restricted to the areas that are oriented toward the ground. Basidiospores with a collapsed basal part, as in P. corneri and P. lateriparies, or with a collapsed apical part or with a septum in the middle, as in P. lacrymispora, were observed.
A similar phenomenon was reported in Rhodocollybia (Halling 1989) and it may represent a mechanism of survival, which needs to be investigated.
In total 15 species of Physalacria were reported from Asia, a key for the Asian species is provided by comparing our morphological observations with literature (Petch 1917; Imazeki 1935; Baker 1941; Corner 1950 Corner , 1970 Kobayasi 1951; Singer 1976 Singer , 1986 Chandrashekara and Natarajan 1979; Berthier 1985; He and Xue 1996; Inderbitzin and Desjardin 1999) . 4b. Fruits on trunk of unknown broadleaf tree; basidiospores 9-11 × 4-4.5 μm; basidia two-spored; JapanP. komabensis 5a. Basidiospores 6-9 μm long; in tropic region ·················································································· 6 5b. Basidiospores usually less than 6 μm; in temperate or tropic region ·············································· 7 6a. Fruits on rotten wood; basidiomata 3-4 mm tall; basidiospores 6-7.5 × 3.5-4.5 μm; cystidia not projecting ················································································································ P. orinocensis 6b. Fruits on culm of Bambusa vulgaris; basidiomata less than1.5 mm tall; basidiospores 6.5-9 × 3.5-4 μm; cystidia projecting ····································································································· P. bambusae 7a. Basidiomata tiny (less than 2.5 mm tall); in tropic region ······························································ 8 7b. Basidiomata larger; in temperate or tropic region ·········································································· 9 8a. Basidiospores larger, 5.5-6.5 × 2.5-3 μm; clamp connections and gloeocystidia presentP. corticola 8b. Basidiospores smaller, 2.6-3.9 × 1.9-2.6 μm; clamp connections and gloeocystidia absentP. indica 9a. Basidiomata with a few lacunae radiating from the apex of the stipe; cystidia dimorphic (both immersed clavate and projecting fusiform cystidia present) ··················································································· 
UNCERTAIN SPECIES
Physalacria villosa Petch was described from Sri Lanka (Petch 1917) . Its systematic position is uncertain based on the brief description and the incomplete specimen (Corner 1950 , Berthier 1985 . 
